The focus of this paper is on developing ways to evaluate teaching performance on a regular basis as a means of improving teaching effectiveness and increasing student learning in the classroom. In particular, this paper shows how an instructor-developed pretest, when given at the start of an introductory economics course as part of a pre-and post-test strategy, can be used as a diagnostic and developmental tool for instructors to assess and improve teaching effectiveness. Evidence of students' deficiencies in basic economic and math or graphing skills has led to making changes in content and delivery to increase students' chances of success in the economics course. In addition, pre-and post-test results can be used to determine which economic concepts are being taught effectively and which areas need improvement. (JEL A2)
Introduction
Teaching assessment is a contentious issue in college education. Yet, like it or not, as universities have faced increased pressure in recent years to refocus their efforts on teaching effectiveness, the assessment of teaching and student learning has become more important for both universities and professors. In most cases, teaching assessment is carried out as a means of evaluating teaching at the end of a process (for example, tenure or promotion) rather than as a means of improving it throughout that process. The focus of this paper is on developing ways to evaluate teaching performance on a regular basis as a means of continually improving teaching effectiveness and increasing student learning in the classroom. 1 In particular, this paper shows how an instructor-developed pretest, when given at the start of an introductory economics course as part of a pre-and post-test strategy, can be used as a diagnostic and developmental tool for instructors to assess and improve teaching effectiveness.
Background Information
This study is based on pre-and post-tests given to 179 students enrolled in the Principles of Macroeconomics course during the 1995 spring semester at the University of North Carolina at Greensboro, a medium-sized state university.
2 Table 1 provides the selected attributes of students included in this data. The typical student is a single, white, 20-year-old sophomore, taking 12 to 15 semester credit hours of courses, with a Scholastic Assessment Test (SAT) score (verbal plus quantitative) of about 940 (prior to recentering) and a cumulative grade-point average (GPA) of about 2.8. The student is likely to live off campus and works about 16 hours per week in addition to going to school. This student generally completed the prerequisite Principles of Microeconomics course in the previous semester and has taken at least one semester of college algebra and most likely a semester of calculus as well.
Pretesting as a Diagnostic Tool
Overall, the pretest results provide useful information about the knowledge that students bring into the course. To the extent that this preexisting knowledge is correlated with course performance, the pretest results can be used to give students and instructors early feedback on the need for assistance while there is time to take corrective action through tutoring, extra homework assignments, improved note-taking skills, and other remedial help. In addition, the pretest results provide a benchmark for assessing teaching effectiveness at the end of the course. 
Pretest Results for Individual Questions
Pretest results are given in Table 2 . The second column lists the percentage of students correctly answering each of the pretest questions. Among the questions pertaining to economic concepts (Section A), most of the percentages are in the .25-.50 range (random guessing would lead to a score of .25), although more than half the students correctly answered two of the macroeconomic questions prior to the start of the course. Surprisingly, despite having taken the prerequisite Principles of Microeconomics course, fewer than half the students could answer the two microeconomic questions (1-2) correctly.
The results in Section B of Table 2 summarize students' incoming mathematical and graphing abilities. Nearly all of the students had completed college algebra prior to their enrollment in this course, and over 60 percent had completed one semester of calculus. Despite this background: 1) 40 percent of the students could not calculate a percentage change (no limitations were placed on using a calculator, though most students did not); 2) 25 percent of the students could not convert 1/8 to a decimal equivalent; 3) 69 percent of the students could not identify the incremental change in a dependent variable due to a change in the independent variable, given an algebraic expression (a Keynesian consumption function); and 4) fewer than 50 percent of the students could draw a line illustrating a positive relationship between two variables (although nearly all could label the axes correctly, given explicit instructions).
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What can be made of these results? The pretest results suggest a serious lack of retention of basic economic, mathematical, and graphing skills among the Principles students. However, it is critical that students gain a firm grasp of these concepts if they are to succeed in the typical introductory macroeconomics course. Hafer and Hafer [1998] also make this point, emphasizing the positive correlation between graphing and math skills and student performance in the course. Studies by Evensky et al. [1997] , Brasfield et al. [1992] , and Lopus and Maxwell [1995] have reached similar conclusions. Based on these studies and the pretest results here, greater care is now taken to build student skills in these areas early in the introductory macroeconomics course by assigning a variety of homework exercises and short quizzes, emphasizing basic microeconomic concepts, graphing, and data computation.
Correlation of Pretest Scores with Final Exam Scores
In addition to measuring students' incoming knowledge of basic economic, mathematical, and graphing concepts, students' pretest scores help predict student performance on the cumulative final exam, which includes multiple-choice, short-answer, problem-type (analytical or graphing), and essay questions. Overall, the correlation between the total pretest score and the final exam score is 0.42 for the sample of students, suggesting that pretest scores are a useful indicator of student success in the course. Given this result, instructors could use the pretest as a diagnostic tool to determine which students might need additional help to improve their performance in the course.
Simple correlations of individual pretest question performance with final exam scores are listed in the third column of Table 2 . 8 Note that four of the five questions exhibiting the highest correlations with final exam scores represent prerequisite skills and knowledge: two mathematical questions testing graphing and percentage-change concepts and two microeconomic questions covering the concepts of supply and demand. This evidence reinforces the importance of prior microeconomic and mathematical skills as a basis for success in this macroeconomics course.
Regression Results
Are the pretest results really useful for predicting student success in the course or are they simply serving as a proxy for other student attributes, such as prior GPA or incoming SAT scores, that would better predict student success in this course? To answer this question, examine the relationship between the students' final exam performance and a variety of student attributes. The analysis was based on 70 observations (106 students gave permission to use student attribute data but SAT scores were unavailable for 36 transfer students included in the sample), using ordinary least squares regressions. 9 The results of this analysis are summarized in Table 3 . This paper employs the traditional framework of the knowledge production function, used in most economic education research on pre-and post-tests of knowledge. In this framework, a student's postknowledge at the end of a course is modeled as a function of his preknowledge coming into the course, along with student, instructor, and class attributes that affect learning during the course (for example, work effort by students, class size, enthusiasm of instructor). The focus of this paper examines the degree to which a student's preknowledge can be used to predict overall performance in the Principles of Macroeconomics course, so nearly all of the student attributes that were examined deal with information known at the beginning of the course.
First, a regression model was analyzed that included only variables summarizing students' intellectual abilities and past academic performance coming into the course (SAT scores and cumulative GPA). The results for this model (Model 1 in Table 3 ) indicate that a student's GPA coming into the course is the dominant predictor of success in the course, even when SAT scores are included in the regression. The coefficient on the GPA variable has the expected sign and is significant at well below the 1 percent level. When pretest scores are added to the regression model (Model 2 in Table 3 ) the GPA variable remains highly significant along with the pretest score. This simple model explains about 40 percent of the observed variation in final exam scores.
Also estimated were regression equations that included a variety of additional student attributes, including student age, level of previous math experience, credit hours earned, and grade in the prerequisite Principles of Microeconomics course. In addition, a time commitment variable was included that was intended to measure the time constraints faced by students while enrolled in this course. This variable was constructed by multiplying each student's current semester-hour course load by 3.0 (based on the rule of thumb that each student should be spending three hours outside of class for every hour in class during the week) and adding weekly work hours. Model 3 is representative of the types of models that included the wider set of student attributes.
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For present purposes, the most important result from Model 3 is that the pretest score remains highly significant (with the expected sign) even after controlling for a wide variety of student background attributes. Another variable that is statistically significant at the 5 percent level is the student's grade in the Principles of Microeconomics course. According to the data, students who performed well in the introductory microeconomics course are more likely to do well in macroeconomics, even after taking into account the GPA and pretest scores. This result is consistent with the simple correlation findings reported earlier: knowledge of basic microeconomic skills is positively correlated with achievement in the Principles of Macroeconomics course. In addition, a student's level of college experience, measured by earned semester hours of academic credit prior to the course, is nearly significant at the 5 percent level. This may reflect the notion that either many lower achieving students leave the university before they graduate (leaving a smaller pool of relatively higher achieving students as each cohort of students advances) or students develop better learning skills and analytical ability as they acquire more college experience.
Overall, the regression results support those reached earlier based on simple correlations: knowledge of basic skills (such as microeconomic and mathematical concepts) increases students' chances of performing well in macroeconomics, regardless of their GPA level. The regression results also strongly suggest that the pretest can be used to identify students who are likely to perform poorly in the Principles of Macroeconomics course. For these students, increased attention to the development of basic microeconomic concepts and mathematical skills are critical to success in the introductory macroeconomics course.
Pretesting as a Developmental Tool
To measure student learning, the 179-student sample was used to calculate pre-and post-test response patterns for a six-question subset of the nine micro and macro questions that appeared on the pretest. Particular interest is paid to what percentage of the students answered these questions correctly on the comprehensive fmal exam compared with the pretest. While a simple set of multiple-choice questions cannot hope to fully measure student learning, the pre-and post-testing strategy employed in this study provides valuable insight to the degree that students are learning specific course concepts. In particular, information gained from this testing procedure can be used to suggest areas of improvement to increase student learning in the course. In addition, to the extent that the pretest questions are related to course objectives and goals, this information can also be used to measure success in achieving those goals.
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The pre-and post-testing results are listed in Table 4 . Columns Al and A2 indicate the percentages of students answering each question correctly on the pretest and final exam, respectively. The fact that the mean on the final exam is higher for each question than the mean on the pretest represents one measure of student learning, or value added during the course.
To obtain a more comprehensive view of student learning, students' pretest and final exam responses (correct and incorrect) were examined for the six questions. The percentage of students who fall into the four possible pretest and final exam response combinations are listed in columns B 1, Cl, D1, and El of Table 4. 12 In assessing student learning, the focus is on column El which lists the percentage of students who were able to answer a question correctly on the final exam after incorrectly answering the question on the pretest. This column represents value added, the percentage of students who gained knowledge during the course. Based on this methodology, the higher this number, the more value added in terms of student learning.
The remaining columns provide additional information about teaching effectiveness and student learning. Column Bl indicates the percentage of students who have lost knowledge. These students likely guessed the correct answer on the pretest but answered incorrectly on the final exam. Columns C 1 and D1 indicate the percentage of students who appear to have neither gained nor lost knowledge during the semester. Of the two groups, those in column C 1 , those who failed to answer the question correctly on both the pretest and the final exam, are more troubling. These are the students whose knowledge has not been increased during the semester and represent a missed opportunity for increasing their learning in the classes.
Conditional Expected Frequencies
Two factors could affect the conclusions about student learning drawn from the results reported in Table 4 . First, the ease of the pretest question affects the amount of measured additional learning, or value added, that is possible during the semester. Second, random guessing by students distorts the true amount of observed learning. To adjust for these two factors, compute expected frequencies for each of the categories listed in Table 4 (see the Appendix for a description of their derivation). The expected frequencies are based on conditional probabilities that take into account the ease of the question by using the distribution of pretest responses to determine the overall frequencies for the four possible categories. These frequencies reflect the results expected on the final exam, based on chance, given the observed pretest results.
To determine the extent to which value added has occurred, compare the expected conditional frequencies with those actually observed for each of the four categories, in particular, those in columns El and E2 of Table 4 . Large differences between actual percentages and expected frequencies indicate that the result is unlikely to be due simply to chance.
Interpreting the Results
The results in Table 4 indicate evidence of considerable value added in the introductory macroeconomics course, especially regarding the macroeconomic questions (3-6). The percentage of students improving their performance on the final exam relative to the pretest (column El) is 2.5 to 3.3 times greater than the expected frequencies (column E2) for these questions. In addition, the percentage of students who correctly answered the macroeconomic pretest questions but answered these questions incorrectly on the final exam (column B1) is small relative to the expected frequency (column B2). Recall that this expected frequency reflects the percentage of students expected if students guessed on both the pretest and final exam questions.
While the results for the macroeconomic questions were encouraging, students showed less value added for the two microeconomic questions (1-2). The value added is only about two times greater than the expected frequencies for these questions. In addition, a comparison of columns B1 and B2 show that the actual and expected frequencies are similar, a result consistent with random guessing. These results suggest a lack of retention of basic microeconomic skills and again lead to conclude that at the margin, teaching resources should be shifted to basic microeconomic concepts such as supply and demand. The correlation and regression results discussed earlier indicate that an improvement in students' skills in this area will have a positive effect on course performance.
Conclusions
The pretest described here provides an example of a simple tool that can be developed and used by instructors to assess fundamental student skills at the beginning of the course and measure teaching effectiveness, as defined by value added during the course. The advantage of this type of tool is that it is quite flexible and can be used by individual instructors in a wide variety of courses. Using the pretest at the beginning of the semester to measure students' incoming knowledge of course-related concepts and then post-testing students at the end of the course using the same questions provides valuable information that can measure student learning, suggest areas for teaching improvement, and improve course delivery.
In the introductory macroeconomics course, the pre-and post-test results have led to a change in teaching strategies in a number of ways. Overall, the exercise reinforced the importance of understanding basic microeconomic and mathematical concepts for student success in the macroeconomics course. Reinforcement of basic microeconomic concepts is essential for increased learning during the course. Instructors can now assume less knowledge of basic microeconomic concepts, such as market equilibrium and interpretation of demand and supply shifts, and focus more attention on these basic concepts early in the course. Basic math and graphing skills are also reinforced by including additional homework assignments and incorporating in-class group exercises and other active learning activities throughout the course. Because these courses rely heavily on basic graphical analysis and continual use of fundamental microeconomic concepts, additional practice in these areas will help improve student learning and performance.
The level of teaching is improved by carrying out the type of instructor-developed pre-and post-testing procedure illustrated here because it encourages instructors to critically evaluate course objectives and goals, and to assess the quality of their teaching. When used as a developmental tool, the pre-and post-testing strategy provides a useful means of continually improving teaching effectiveness and student learning.
